CHAPTER 3

EPA/NSF ETV
EQUIPMENT VERIFICATION TESTING PLAN
FOR THE REMOVAL OF RADIUM AND URANIUM
BY NANOFILTRATION MEMBRANE PROCESSES

Prepared by:
NSF Internationa
789 Dixboro Road
Ann Arbor, Ml 48105

Copyright 2000 NSF International 40CFR35.6450.

Permission is hereby granted to reproduce al or part of this work, subject
to the limitation that users may not sdll al or any part of the work and
may not create any derivative work therefrom. Contact Drinking Water
Systems ETV Pilot Manager at (800) NSF-MARK with any questions
regarding authorized or unauthorized uses of this work.

October 2, 2000

Page 3-1



TABLE OF CONTENTS

Pege

LIST OF ABBREVIATIONS. ... .o oeeie ettt esie st eesaee e ssee s eseeseesseesesneesseensesnenssennees 3-5
1.0 APPLICATION OF THISNSF EQUIPMENT VERIFICATION TESTING PLAN....... 3-6
2.0 INTRODUCTION ...otiiiiiesieeiesieesieeeeseessesseesseessesseesseessesseesseesssssssssesssessessseessesssessesssesseees 3-6
2.1 Radionuclide Remova by Nanofiltration (NF) Membrane Processes..........ccccvevvevciecveeccieenen, 3-7
2.2 Membrane System Design CONSOEIAONS ......c.uevveriereririeiesie et ens 3-8
A R (= 1= 107 | TSR 3-8
2.2.2 AQvanCed PrefreatMENT ... .......ooiieiie et s sr e e e e e nes 39
2.2.3 MEMDIANE PrOCESSES......cccveeiiieiieecite et e st ae et s ee et e e st e e b e sate et e e ssseeabeesnteenaeeanneenneas 3-9
A 07 ol = 107 | S 3-10
2.2.5 WaSE DISPOSAL.....ccueeieiiieiteeee sttt st b b e sb e e re e 3-10
3.0 GENERAL APPROACH.... ...ttt eeese e eee s este e ete e sseessesneesseensesseesseensessenssesnses 311
4.0 BACKGROUND.......utiiiieieee ettt sttt b et e e s nb et e ae et e e nae e 3-12
4.1 Regulatory Review and Health EffECtS........ccooiiiiireecee s 3-12
4.2 Definitions and Remova Processes for RadionuClides..........c.oovvvviviiie e 3-13
B R o 1 o 3-13
T U L = 01U o PSSRSO 3-14
4.2.3 REMOVE PrOCESSES......ccueiiitieiiie ettt ettt e st et e st e ste e st e e sbe e saaeesseesaseesaeesnneeareesnreens 314
5.0 DEFINITION OF OPERATIONAL PARAMETERS........ccooiiiiieee e 3-14
6.0 OVERVIEW OF TASKS.. .ottt see sttt ee e ste e sse e sseesaeenaesseesseensesneesseensesseessesnsens 3-23
7.0 TESTING PERIODS.......coi ittt sttt s sttt ae e nne e 3-24
80 TASK 1. EQUIPMENT VERIFICATION TEST PLAN......coiteieeeseee e 3-25
S 00 I 1 1 0o 1 1 o o S OS 3-25
LS O o 1= o 1Y 3-25
oG TV o 1 = = TS 3-25
8.3.1 Equipment VerifiCation TES Plan ........ccoiiiiiiieeeee e 3-25
8.3.2 Routine EQUIPMENT OPEIEIION.........eeiiieiieeitie sttt e e e neenneas 3-26

October 2, 2000 Page 3-2



TABLE OF CONTENTS (continued)

Page

o N s Y Tor= I 1= [ 3-27
8.5 EVAUBLION Gl e ieeeeeeeeeeeeeeeeeeeeeeeee ettt e et e e et e e e e e e e e e et e e et e e e e e e e e e e e aeaeaaaaaaees 3-27
9.0 TASK 22 CHARACTERIZATION OF RAW WATER ..o, 3-27
0.1 INErOAUCTION ... eeeeeeee ettt ettt e et et et et e e e e e e et e e et e e e e e e e e e e e e eeereeeeeeeeeeeaeeeaeees 3-27
S O o 1= o 1Y - S 3-27
0.3 WOTK PlaN. ..o 3-27
O/ SCNEAUIE. ..ottt e e e e e e e et et et e e e e e e et e e e e e e e e e reeeeeeerereeeeereaaeeaareaaees 3-28
05 EVAUBLION Gl c.cceieeeeeeeeeeeeeeeeeeeeeeeee ettt ettt e e e e e e e e e e et e e e e e e e e e e e e e e e e e e e e eaaeeaeaeaaees 3-28
10.0 TASK 3: OPERATIONSAND MAINTENANCE MANUAL ..coooeeeeeeeeeeeeeeeeeeeeeeeeeen, 3-29
O R o)1= o (Y= OSSR 3-29
FO.2 O M WWOTK PlaN. ... e e e e e e e e e e e e e e e e e e e e e e e aeaeaaeaaaaaaaseasaassaasasasasasasasaaeseseaaseeeas 3-29
11.0 TASK 4: DATA COLLECTION AND MANAGEMENT ...ooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen, 3-35
I 00 O 111 0 o (0o o WO RRRRRRRRRRI 3-35
A @ o)1= o (Y= OSSR 3-35
FL.3 MV OTK PLaN . . e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaeaaaeaasaaaaasaaaaaaasasasasasasasasasasssessanaeaens 3-35
11.3.1 Operation Data Collection and DOCUMENELION...........ccveiveeieeiiiecrie e 3-35
11.3.2 DAaMaNaEMENT ... .oo ettt r e s e e ne e nreereas 3-35
11.3.3 SAISCA ANBIYSS. .. s e e e esre e e e s reeres 3-36
12.0 TASK 5: MEMBRANE PRODUCT IVITY oot eeeeeeeeaeeaeeaaeaeeseaeaeseseaeaaanens 3-36
D220 I g1 0 o (0o {0 R 3-36
12.2 EXperimental ODJECHIVES........cooiiiirieieeee e 3-37
G I A0 L = TR 3-37
12.3.1 Operational Data CollECHION ........cceieiiiiiirese e 3-38
12.3.2 Feedwater Quality LIMITAiONS .......cccveeiieiiieciecsiee ettt et e nes 3-38
13.0 TASK 6: FINISHED WATER QUALITY ..ottt 3-43
S 35 I 1 (0o (81 o o RS STR USRS 3-43
13.2 ODJECHIVES.....ccueeieeieeteesieee et e ste e este et e e e te e e s seesseeeeaseesseentesseesseeseeseesseeseeneesseenseanenns 3-43
SRR\ /0 L = TR 3-43
134 AnAYLiCal SCNEAUIE.......c.eeeeieceeeece et esre e teenaesreenneeneens 3-45
13.4.1 Remova of Radioactive Chemical ContamMiNaNS. ......ccoeeeeeeeeeeeeeeeeeeeeeeeeee e e e e e e eeeeeeeeeeeeeeens 3-45
13.4.2 Feed and Parmeate Water CharaCteliZatioN........cccceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeeeeeeeaseseseeeeeens 3-45

October 2, 2000 Page 3-3



TABLE OF CONTENTS (continued)

Pege
13.4.3 Water Quality Sample COlECHION........ccoierierereeeeeee e 3-45
13.4.4 Raw Water Quality LIMItAIONS........ceeiieiirieiie ettt s 3-45
13.5 Evaduation Criteriaand Minimum Reporting ReQUIFEMENES..........ccoevereereeieseese e seeeseeeeens 3-45
14.0 TASK 7: CLEANING EFFICIENCY ...ooiiiiieciceseee et 3-45
172 0o 11 o o SO 3-45
14.2 EXperimental ODJECHIVES.........coociiiiie ettt e e neas 3-46
14.3 WOTK Plan.....ccueee ettt e e st e s tesneesneenaeenaesneenteeneesreensennnens 3-46
14.4 Recommended DigpoSal PrOCEAUIES..........cccuviiieiieciie et 3-47
14.5 ANAYLCaA SChEAUIE......c..oeeie et aesrenne e 3-47
T RS 0101 oo PSP 3-47
14.5.2 Operational Data CollECHION ........ccvieiiiiirese st 3-47
150 TASK 8 QUALITY ASSURANCE/QUALITY CONTROL ....cccvvvririeieriesrse e 3-48
S35 I 1 0o 11 o o SO SSRR 3-48
15.2 EXperimental ODJECHIVES.........ccooiiiie ettt re e sre e nneas 3-48
15.3 QA/QC WOTK PLaN......coiieieeeiesieeiesee st e stesee e e ste et e e saeetesseesseenseeseesseenseeneesseenseanenns 3-48
15.3.1 Daily QA/QC VENFICAION........cceeeeieiesiesiesie sttt snesresrens 3-48
15.3.2 Monthly QA/QC VENTICAION.......cceerieeereesieeeseeseesee e ste e s esee e e e sseeeesneenseeneens 3-49
154 ANAYLiCA MENOUS ......c.coiviieiieiiieieieeee et sttt b e ne e 3-49
16.0 TASK 9: COST EVALUATION ...oootiiieiesiee et esesee e ste e e sae e sse e eeesneenseanenns 3-49
17.0 SUGGESTED READING......coiitiiiieiere ettt st st naesnesae e sne e 3-51
TABLES
Table3.1 Example Statements of Performance Capabilities for Radium Remova .................. 3-12
Table4.1 Dissolved Radionuclides and Current Regulations...........ceeveevireeviescieevieecie e 3-13
Table8.1 LI S 1B L= o] 0100 = OSSP TTPPRTRORN 3-26
Table10.1 NSF Operations & Maintenance Manua Criteria- NF Membrane Process
PaCKagE PlanS.......c.eiieieeeieee s 3-31
Table 10.2 NF Membrane Plant Design Criteria Reporting Items........coce e 3-33
Table 10.3 NF Membrane Element CharaCteriSliCS........vvvvieereee e 3-34
Table12.1 NF Membrane Pretreatment Data............coceeereenieniienierieeee e 3-40
Table12.2 Daily Operations Log Sheet for a Two-Stage Membrane Filot Flant...................... 3-41
Table12.3 Operating and Water Quality Data Requirements for Membrane Process.............. 3-42
Table131  Water Quality Analytical MethOaS..........ooeveriiieieereeeee s 3-44
Table 16.1 Design Parameatersfor Cost ANAYSIS ....cocuveiiiiiie et 3-50
Table16.2  Operations and MantenanCe COS........covrereririienierierie e 3-51

October 2, 2000 Page 3-4



LIST OF ABBREVIATIONS

FOD
FTO
HF
HSD
IMS
MCL
MCLG
MFI

mrem/yr
MTC
MWCO
NF
NPDES
NSF
O&M
pCi/L
QA
QAPP
QC

RO

rpm

% RSD
SCADA

SDWA
TFC
TOC
TDS
USEPA
USGS
WSWRD

Field Operations Document

Field Testing Organization

hollow fiber

homogeneous solution diffuson model
Integrated Membrane Systems

maximum contaminant leve

maximum contaminant level god

modified fouling index

milligrams per liter

milli-radiaion equivaent man per year
mess trandfer coefficient

molecular weight cut-off

nanafiltration

Nationd Pollutant Discharge Elimination System
NSF International

operation and maintenance

picocuries per liter

quality assurance

quality assurance project plan

quality control

reverse 0SMos's

revolutions per minute

percent relative standard deviation
Supervisory Control and Data Acquisition
it dengty index

Safe Drinking Water Act

thin-film composite

total organic carbon

tota dissolved solids

United States Environmenta Protection Agency
United States Geographic Survey

Water Supply and Water Resources Division
water treatment plant

October 2, 2000

Page 3-5



10 APPLICATION OF THISNS- EQUIPMENT VERIFICATION TESTING PLAN

This document is the NSF Equipment Testing Verification Plan (ETV) for evaudion of nanofiltration
(NF) membrane processes to be used within the structure provided by NSF's “Protocol for
Equipment Verification Testing for the Removal of Radioactive Chemical Contaminants by
Packaged and/or Modular Drinking Water Treatment Systems’. This Plan isto be used as a guide
in the development of the Fidd Operations Document (FOD) for testing of NF membrane process
equipment to achieve removal of dissolved radionuclides, such as radium and uranium. It should aso be
noted that this Equipment Verification Plan is only gpplicable to NF or other high-pressure membrane
processes.

In order to participate in the equipment verification process for membrane processes, the equipment
Manufacturer and their designated Field Testing Organization (FTO) shal employ the procedures and
methods described in this test plan and in the referenced NSF Protocol Document as guidelines for the
development of a FOD. The FTO shal clearly specify in its FOD the radionuclides targeted for
remova and sampling program that shdl be followed during Verification Testing. The FOD should
generdly follow the Verification Testing Tasks outlined herein, with changes and modifications made for
adaptations to specific membrane equipment. At a minimum, the format of the procedures written for
each Task in the FOD should consist of the following sections:

Introduction
Objectives

Work Plan
Andyticd Schedule
Evduation Criteria

The primary trestment god of the equipment employed in this Verification Testing program is to achieve
removd of dissolved radionuclides, such as radium and uranium, present in feedwater supplies. The
Manufacturer may wish to establish a Statement of Performance Capaliilities (Section 3.0 Generd
Approach) that is based upon remova of target radionuclides from feedwaters, or dternatively
established one based upon compliance with drinking water standards. For example, the Manufacturer
could include in the FOD a Statement of Performance Capabilities that would achieve compliance with
maximum contaminant levels (MCLSs) Stipulated in the Nationd Primary Drinking Water Standards or
the EPA National Secondary Drinking Water Regulations for a specific water qudity parameter. The
experimental design of the FOD shdl be developed to address the specific Statement of Performance
Capabilities established by the Manufacturer. Each FOD shdl include dl of the included tasks, Tasks 1
to 9.

20 INTRODUCTION

Membrane processes are currently in use for a number of water trestment gpplications ranging from
remova of inorganic congtituents; tota dissolved solids (TDS), totd organic carbon (TOC), synthetic
organic chemicas (SOCs), radium, uranium, and other congtituents.
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In order to establish appropriate operations conditions such as permesate flux, recovery, cross-flow
veocity, the Manufacturer may be able to apply some experience with his equipment on a Smilar water
source. This may not be the case for supplierswith new products. In thiscase, it is advisable to require
a pre-test optimization period o that reasonable operating criteria can be established. Thiswould aid in
preventing the unintentional but unavoidable optimization during the Verification Testing. The need of
pre-test optimization should be carefully reviewed with NSF, the FTO and the Manufacturer early in the
process.

Pretreatment processes ahead of NF systems are generdly required to remove particulate materid and
to ensure provison of high qudity water to the membrane sysems. For example, NF membranes
cannot generdly be applied to treatment of surface waters without pretrestment of the feedwater to the
membrane system. For surface water applications, appropriate pretreatment, primarily for remova of
particulate and microbiologica species, must be goplied as specified by the Manufacturer. In the design
of the FOD, the Manufacturer shall sipulate which feedwater pretrestments are appropriate for
application upstream of the NF membrane process. The stipulated feedwater pretreatment process(es)
shdl be employed for upsiream of the membrane process a dl times during the Equipment Verificaion
Testing Program.

2.1  Radionuclide Removal by Nanofiltration (NF) Membrane Processes

This NSF Equipment Verification Testing Plan is gpplicable to any NF membrane process used to
achieve removad of radionuclides. Furthermore, thistesting plan is gpplicable to spira-wound (SW) and
hollow-fiber (HF) membrane configurations.

NF and reverse osmoss (RO) have been shown to be highly effective for the remova of dissolved
radionuclides such as radium and uranium. Radium and uranium remova has exceeded 87 and 98
percent, respectively, for diffuson controlled membranes. However, remova is afunction of membrane
meass transfer coefficients (MTCs), flux, recovery and feed concentration and will be expected to vary
by membrane type. NF and RO are aso effective in producing a better overdl qudity of water.
Some advantages to the use of membrane processes for the remova of radionuclides include:

asmal space requirement;

remova of contaminant ions, dissolved solids, bacteria, and particles, and

relative insengtivity to flow and TDS leves, and low effluent concentration.

Disadvantages include:
higher capital and operating costs,
higher leve of pretreatment required;
possible membrane fouling; and
large rgect streams.

Pressure-driven membrane processes are currently in use for a broad number of water trestment
goplications including the remova of radionuclides (e.g. Ra-226, Ra-228, and uranium), naturd organic
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meatter (NOM) which contributes to disnfection by-product formation, dissolved minerds, synthetic
organic compounds (SOCs) and microbid contaminants such as Giardia and Cryptosporidium.
Typicaly, high-pressure membrane applications such as NF membrane processes are capable of
removing radionuclides, as wdl as, ions contributing to hardness.  Both radium and uranium are large
molecules that have removal rates Smilar to those of cacium.

In contrast, membrane processes such as microfiltration and/or ultrefiltration (UF/MF) are typicaly
employed to provide a physcd barier for removd of microbid, particulate and suspended
contaminants from drinking waters. However, the MF and UF membrane processes have not been
shown to be effective for remova of radionuclides and other dissolved substances unless another unit
operation such as granular activated or powdered activated carbon is employed.

High and low pressure diffuson controlled membranes are both effective for the rgection of
radionuclides. Since NF (low pressure RO) is as effective as RO for radionuclide remova, and can
pass more water at lower pressure operations than RO, this test plan pertains to the removal of radium
and uranium by NF membrane processes. For RO applications, see the EPA/NSF ETV Protocol for
Equipment Verification Testing for Removal of Inorganic Constituents Test Plan for Removad of
Inorganic Chemicd Contaminants by Reverse Osmosis or Nandfiltration.  Suppliers of drinking water
ae subject to dringent government regulations for potable water qudity regarding dlowable
radionuclide (e.g. Ra-226, Ra-228, and uranium) concentrations.

2.2  Membrane System Design Considerations

Conventiona NF membrane systems condst of pretreatment, membrane processing and post-treatment.
These processes are discussed in the following sections.

2.2.1 Pretreatment

The purpose of pretrestment is to control and minimize membrane fouling and reduce flux decline.

The conventiona pretreatment process conasts of scae inhibitor (anti-scalant) and/or acid addition
in combination with microfiltration. These pretreatment process are used to control scaling and

protect the membrane elements; they are required for conventiond NF membrane sysems. The

membranes can be fouled or scaed during operation. Fouling is caused by particulate materias

such as colloids and organics that are present in the raw water ataching to the membrane surface,

and will reduce the productivity of the membrane. Scaling is caused by the precipitation of a
gparingly soluble st within the membrane because of the solute concentration exceeding solubility.

If araw water is excessively fouling, additiona or advanced pretrestment is required.

Hux decline indicated by a reduction in membrane process productivity can be a result of scaling,
colloiddl fouling, microbiologica fouling and organic chemica fouling. Scaling can be gpproximated
by chemicd anadlyss and equilibrium caculations. Fouling indices can gpproximate colloidd fouling.
Microbiologica and organic chemica fouling can only be approximated at this time by pilot testing.
These mechanisms should be recognized and understood, and are presented below in order to
develop Strategies to control flux decline.

2211  Scaling. Inan NF membrane process sdts present in the feedwater are concentrated
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on the feed sde of the membrane. This concentration process continues until saturation and a st
precipitation (scaing) occurs. Scaling will reduce membrane productivity, and consequently, will
limit the rate of water that may be recovered as permeste on a sustained bass. The maximum
recovery isthe recovery a which the limiting sdt first begins to precipitate.

Limiting sdts can be identified from the solubility products of sparingly soluble sdts in the raw
feedwater. Since ionic strength increases on the feed sde of the membrane, the effect of ionic
strength upon the solubility products must adso be consdered and taken into account for these
cdculations. Some limiting sats may be controlled via the addition of acid and/or scde inhibitor into
the feedwater prior to membrane tresiment. Typica sparingly soluble salts that may limit recovery
in pressure-driven membrane processes include, but are not limited to: CaCQOs;; CaSO,; BaSOy;

2.2.1.2 Codlloidal Fouling. Calloidd fouling results from partides that exig in the influent which
buildup on the surface of the membrane. The build-up forms a cake, which eventudly is
compressed, reducing flow through the membrane. Initidly, cake formation does not sgnificantly
reduce productivity. However, after the cake compresses, the productivity decreases and the
compressed cake must be removed. MF/UF membranes can be backwashed to remove the cake.
However, NF membranes require chemica cleaning to remove the cake. Advanced pretrestment
processes such as cross-flow MFUF and multi-media filtration should control colloida fouling.

2.2.1.3 Microbiological Fouling. Microbiologicd fouling results from biologica growth in the
membrane dement, which results in areduction in membrane productivity or an increase in pressure
drop across an eement. No reliable methods have been demonstrated for prediction of biofouling.
Microbiologica growth can occur in the feed spacers or on the membrane surface. Microbiologica
growth will occur in membranes, but this growth does not dways result in significant productivity
loss. Advanced pretreatment processes may ad in controlling microbiologicd fouling.

2214  Chemical Fouling. Chemicd fouling results from the interaction of dissolved organic
solutes in the feed stream with the membrane surface, which results in a reduction in membrane
productivity. Chemica interaction between solute and the membrane surface will occur to some
degree, but membrane productivity may not be reduced. Advanced pretreatment processes may
ad in the control of chemicd fouling.

2272 Advanced Pretreatment

Advanced pretrestment would include unit operations that precede scaling control and datic
microfiltration. By definition, unit operations that precede conventiona pretrestment would be
advanced pretreatment. Examples of advanced pretrestment would be coagulation, oxidation
followed by greensand filtration, groundwater recharge, continuous cross-flow microfiltration, multi-
mediafiltration, and granular activated carbon (GAC) filtration.

2.2.3 M embrane Pr ocesses

The membrane process follows pretreatment. The mgjority of dissolved contaminants are removed
in the membrane process. If the membrane scaes or fouls, the productivity of the membrane system
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declines and eventudly the membranes must be chemically cleaned to restore productivity. Cleaning
frequencies for NF systems average about 6 months (Taylor et d. 1990) when treating ground
waters and can be aslow as 1 to 2 weeks when treating a surface water with integrated membrane
systems (IMSs).

MFUF membranes are Seving controlled and they do not have alow enough molecular weight cut-

off (MWCO) range to rgect radionuclides. However, NF membranes can achieve sgnificant

radionuclide rgection because the MWCO of these membranes are low and most radionuclides
cannot pass. This is dso the case with inorganic contaminants (I0Cs) and SOCs. Radon is a
dissolved gas, and like carbon dioxide and hydrogen sulfide, will not be removed by a membrane
process. MF/UF membranes do not affect corrosivity because inorganic ions are not removed;

however, NF does remove inorganic solutes from water, and this can impact the corrosivity of the
permeste water.

224 Post-Treatment

Typica post-trestment unit operations can consst of disnfection, aeration, stabilization and storage.
Aeration may be required to strip dissolved gases (Duranceau 1993). Stabilization may be required
to produce a non-corrosive finished water snce membrane permeete can be corrosve.  Alkdinity
recovery is an effective process for recovering dissolved inorganic carbon (DIC) in the permesgte.
Alkadinity can be recovered by lowering the pH prior to membrane filtration and converting the
dkalinity to CO,, and then raising the pH of the permeste in a closed system to recover dissolved
CO, asdkdinity. By-passng feedwater and blending it with membrane permesate is another way of
gabilizing the finished water; however, blending would negate the benefit of membrane trestment
sysem to act asabarier aganst contaminants.

225 Waste Disposal

In addition to post treatment, the concentrate stream from the membrane processes must be treated
and/or disposed of in some manner.  Effective concentrate disposal methods depend on the
concentrate water qudity, local regulations and Ste-specific factors (AWWARF 1993). The
handling and disposd of the wastes generated by trestment technologies removing naturaly
occurring radionuclides from drinking water pose concerns to the water supplier, to locd and State
governments and to the public at large. The potentia handling hazards associated with radionuclides
warrant the development of a viable membrane concentrate digposa method. Information regarding
concentrate digposa options can be found in Suggested Guidelines for the Disposal of Drinking
Water Treatment Wastes Containing Naturally Occurring Radionuclides (USEPA, 1990). The
document first addresses the management of radionuclide wastes by first describing the potentia
sources of these wastes (i.e., water treatment processes). Then there is a brief review of the known
information on the radionuclide composition of the associated treatment wastes. The document then
describes the plaugble disposd dternatives and provides background information from related
programs that should assgt facilities in sdecting a responsible option. The following are disposa
options that must be approved by the State or loca government prior to implementation of a waste

disposa program.
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Liguid Waste Disposa

Direct discharge into storm sewers or surface water.

Discharge into sanitary sewer.
Deep wdl injection.
Drying or chemica precipitation.

Solid Waste Disposa

Temporary lagooning (surface impoundment).

Digpos in landfill.

a) Disposd without prior trestment.

b) With prior temporary lagooning.

¢) With prior mechanica deweatering.

Application to land (soil spreading/conditioning).

Disposd at State licensed low-leve radioactive waste facility.

30 GENERAL APPROACH

Testing of equipment covered by this Verification Testing Plan will be conducted by an NSF-qudified
FTO that is selected by the equipment Manufacturer. Analytica water qudity work to be carried out as
a part of this Verification Testing Plan will be contracted with a laboratory certified by a State or
accredited by a third-party organization (i.e, NSF) or the U.S. Environmental Protection Agency
(USEPA) for the appropriate water quality parameters.

For this Verification Tedting, the Manufacturer shdl identify in a Statement of Performance Capabilities
the specific performance criteria to be verified and the specific operational conditions under which the
Veification Testing shal be performed. The Statement of Performance Capabilities must be specific
and verifiable by a datigical andyss of the data Statements should dso be made regarding the
goplications of the equipment, the known limitations of the equipment and under what conditions the
equipment is likely to fal or underperform. There are different types of Statements of Performance
Capabilitiesthat may be verified in thistesting. Examples include two statements shown in Table 3.1

During Verification Testing, the FTO must demondirate that the equipment is operating at a Seady-date
prior to collection of data to be used in verification of the Statement of Performance Capabilities. For
each Statement of Performance Capabilities proposed by the FTO and the Manufacturer in the FOD,
the following information shdl be provided:

percent remova of the targeted radionuclides;
rate of treated water production (i.e., flux);

recovery;
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feedwater quality regarding pertinent water quaity parameters,
temperature;
concentration of target radionuclide; and

other pertinent water qudity and operationa conditions.

This NSF Equipment Verification Testing Plan is broken down into 9 tasks, as shown in the Section
6.0, Overview of Tasks. These Tasks shdl be peformed by any Manufacturer wanting the
performance of their equipment verified by NSF. The Manufacturer’ s designated FTO shdl provide full
detall of the proceduresto be followed in each Task inthe FOD. The FTO shal specify the operationd
conditions to be verified during the Verification Testing Plan. All permeste flux vaues shal be reported
in terms of temperature-corrected flux values, as either galons per square foot per day (gfd) at 77 °F or
liters per square meter per hour (L/(nP-hr) at 25 °C.

Table 3.1: Example Statements of Perfor mance Capabilities for Radium Removal

Type of Example of Statement of Performance Capabilities
Statement of
Performance
Capabilities

Radium This packaged plant is capable of achieving 90 percent removal of radium during a 60-day

Removal operation period at aflux of 15 gpm/sf (75 percent recovery; temperature between 20 and 25 °C)

in feedwaters with radium concentrations less than 25 pCi/L and total dissolved solids
concentrations less than 500 mg/L.

Regulatory This packaged plant is capable of producing a product water meeting the National Primary

Compliance

Drinking Water Standards for radium concentration during a 60-day operation period at a flux of
15 gpm/sf (75 percent recovery; temperature between 20 and 25 °C) in feedwaters with radium
concentrations less than 25 pCi/L and total dissolved solids concentrations less than 500 mg/L.

40 BACKGROUND

This section provides an overview of the literature review related to dissolved radionuclide regulations,
hedth effects, and contaminant remova by NF membrane processes. These items will assg in
identifying the various radionuclide contaminants, identifying the radionuclides that can be removed by
NF membrane processes, defining NF membrane processes and the mechanisms that will help in
qudifying and quantifying the remova efficiency of the NF membrane processes tested.

41  Regulatory Review and Health Effects

The passage of the Safe Drinking Water Act of 1974 (SDWA) required the establishment of
recommended maximum contaminant levels (MCLs) for compounds that were deemed undesirable for
consumption in public water supplies. Since that time there has been a growing awareness of the need
for the control and remova of chemica contaminants from potable drinking water supplies. The 1986
Safe Drinking Water Act (SDWA) Amendments authorized the Nationd Primary Drinking Water
Regulations and required that the USEPA st such regulations on 83 contaminants including
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radionuclides.

Currently, the only dissolved radionuclides that are regulated include radium-226, radium-228, and
apha and beta emitters.  Another radionuclide thet is being consdered for regulation is uranium. This
equipment verification test will evaduate various technologies for the remova of dissolved radionudlides.
The radionuclides that will be considered during the evauation process are listed in Table 4.1 with their
current regulatory MCLs.

TABLE 4.1: Dissolved Radionuclides and Current Regulations

Radionuclides Current MCL
. . 5 pCi/L
Radium-226 & 228 Combined
15 pCi/L
Alpha Emitters P
. 4 mrem/year
Beta Emitters
0.02 mg/L (propo
Uranium g/L- (proposed)

In July 1991 the USEPA proposed a new rule for radionuclides in drinking water supplies (Federd
Regiger Citation 56 GR 33050, Phase Il Rule). More than 600 public comments submitted on the
proposed rule were evauated by the USEPA. Although a court deadline of April 1993 existed for the
issuance of the fina rule, the USEPA has delayed this deadline due to resource congraints.

The Phase |11 Ruleis proposed to include an MCL of 0.02 mg/L for uranium. The expected Phase Il
Rule MCL of 20 pCi/L for combined radium-226 and radium-228 has also been withdrawn maintaining
the current combined radium MCL at 5 pCi/L. Radium will very likely be separated and the radium
MCL’s may be more stringent particularly addressing radium-226. In order to minimize risks to human
hedth, the exposure levels to these compounds must be reduced to the lowest levd that is both
technologicaly and economicdly feasble.

The chronic hedlth hazards associated with the presence of radionuclidesin drinking water have become
amaor concern of United States governmental agencies in more recent times. Radium is consdered a
bone seeker as it accumulates in the same organs as cacium. The ingestion of radium may lead to the
development of abnormalities, cancer, or deeth. The lungs, myeloid stem cells, and bones of humans
are particularly sendtive to such exposure. Uranium has been shown to be carcinogenic and toxic to
kidneys.

4.2 Definitions and Removal Processes for Radionuclides
421 Radium

Radium (Ra) is a naturally occurring radioactive ement. There are two radium isotopes that are
commonly found in groundwater. These isotopes include Ra-226, an dpha emitter that is part of
the uranium decay series, and Ra-228, a beta emitter that is part of the Thorium decay series.
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Radium is an dkdine earth metd chemicaly smilar to cacium, barium, and strontium. It has alow
solubility and does not form any soluble complexes that enhance its dissolution into groundwater.
The minute mass that is present can only be detected as activity. The current MCLs for the radium
isotopes were discussed previoudy.

4272 Uranium

Uranium (U) is a naturaly occurring radioactive dement that can be found in ground and surface
water supplies. There are three common apha emitting isotopes of uranium that include U-235 in
the Actinium decay series, and U-234 and U-238 in the uranium decay series. Uranium is less
active than radium, and is generdly found in naturd waters in a complex ionic form, that varies with
pH. Asmentioned previoudy, thereis currently no MCL for uranium.

423 Removal Processes

Water supply systems that use sources that contain radionuclide concentrations above future MCLs
will need to implement trestment techniques to comply with future regulations. Treatment processes
that are available for the removad of radium and uranium include, but are not limited to, cation and
anion exchange resins, zeolites, adsorptive media, NF or RO membranes, and lime softening.

This Plan discusses the use of NF membrane processes for the remova of dissolved radionuclides.
NF is a water trestment technique utilized for the remova of particulate contaminants from weter.
Therefore, the following section discusses the remova of Ra-226, Ra-228, and uranium using NF
membrane processes.

50 DEFINITION OF OPERATIONAL PARAMETERS

Thefollowing terms are presented here for subsequent referencein this test plan:

Bulk Regection - Percent solute concentration retained by the membrane relative to the bulk stream
concentration.

where:
C; = feedwater concentration of specific constituent (mg/L)
C, = permeste concentration of specific constituent (mg/L)

Bulk Solution - The solution on the high-pressure sde of the membrane that has a water qudlity
between that of the influent and concentrate streams.

Cleaning Frequency - The loss or decrease of the mass transfer coefficient (MTC) for water
measures membrane productivity over time of production. Membranes foul during operation. Congtant
production is achieved in membrane plants by increasing pressure. Cleaning is done when the pressure
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increases by 10 to 15 percent. Cleaning frequency (CF) and a measurement of productivity can be
determined from the MTC decline.

—_ VVI(W
CF= "

dt

where:
CF = cleaning frequency (days)
W = acceptable rate of MTC loss
dK/dt = rate of MTC decline (gsfd/ps-d)

Concentrate (Q., C;) - One of the membrane output streams that has a more concentrated water
qudity than the feed stream.

Conventional NF/RO Process - A trestment system congsting of acid and/or scale inhibitor addition
for scae control, cartridge filtration, NF/RO membrane filtration, aeration, chlorination and corroson
control.

Feed (Qf, C) - Input stream to the membrane process after pretreatment.
Feedwater - Water introduced to the membrane module.

Field Operations Document (FOD) - A written document of procedures for on-site/in-line testing,
sample collection, preservation, and shipment and other on-site activities described in the USEPA/NSF
Protocol(s) and Test Plan(s) that apply to a specific make and model of a package plant/modular
sysem.

Field Testing Organization (FTO) - An organization qudified to conduct studies and testing of
package plants or modular systems in accordance with protocols and test plans. The role of the field
testing organization is to complete the application on behaf of the Company; to enter into contracts with
NSF, as discussed herein; and arrange for or conduct the skilled operation of a package plant during
the intense periods of testing during the study and the tasks required by the Protocol.

Flux (F,) - Mass (Ib/ft>day) or volume (gd/ft>day, gsfd, gfd) rate of transfer through membrane
surface.

F, = K, [DP - DP] = %

where:
F.. = water flux (M/L>4)
K. = global water mass transfer coefficient ()
DP = transmembranic pressure gradient (M/Lz)
DP = osmotic pressure gradient (M/LZ)

October 2, 2000 Page 3-15



Q, = permeste flow (L /t)

A = membrane surface area(Lz)

Fouling - Reduction of productivity measured by a decrease in the temperature normaized water
MTC.

Fouling Indices - Fouling indices are smple measurements that provide an estimate of the required
pretrestment for membrane processes. Fouling indices are determined from membrane tests and are
amilar to mass transfer coefficients for membranes used to produce drinking water. Fouling indices can
be quickly developed from smple filtration tests, are used to quditaivey estimate pretrestment
requirements and possibly could be used to predict membrane fouling. The slt-dengty index (SDI),
modified fouling index (MF) and mini plugging factor index (MPFI) are the most common fouling
indices. The SDI, MF and the MPH are defined using the basic resstance modd, and are
quantitatively reated to water qudity and NF membrane fouling.

Some approximations for required indices prior to conventional membrane trestment are given below
(Sung et. d. 1994).

Fouling Index Approximations for NF

Fouling Index Range
SDI <3
M PF <15 (10%) L/&
MFI <109L?

Silt-Dengity Index (SDI): The SDI is the most commonly used test to predict a water's potentia to
foul a membrane by colloidd paticles sndler than 0.45 microns. SDI is only a guide for
pretreatment and is not an indication of adequate pretreatment. The SDI is a Satic measurement of
resstance, which is determined by samples taken at the beginning and the end of the test. The SDI
test is performed by timing the anaerobic hydraulic flow through a 47 mm diameter, 0.45 micron
membrane filter a a constant pressure of 30 ps. The time required for 500 mL of the feedwater to
pass through the filter is measured when the test is fird initiated, and is dso measured a time
intervals of 5, 10, and 15 minutes after the start of the test. The vaue of the SDI is then caculated
asfollows (ASTM D-4189-82).

é tu

el-1-u
DI = et—fg* 100% (EQUATION 2.4)
T U

H

D> D>

where:

t =timeto collect initid 500 mL sample
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tr =timeto collect 500 mL sampleat timet=T
tr = totd running time of thetest; 5, 10, or 15 minutes.

If the index is bdlow a vaue of 3 then the water should be suitable for NF. If the SDI is bdow 3,
the impact of colloidd fouling is minimized.

Modified Fouling Index (MFI): The MFI is determined using the same equipment and procedure
used for the SDI, except that the volume is recorded every 30 seconds over a 15 minute filtration
period (Schippers and Verdouw 1980). The development of the MFI is consstent with Darcy’s
Law in that the thickness of the cake layer formed on the membrane surface is assumed to be
directly proportiond to the filtrate volume. The totd resstance is the sum of the filter and cake
ressance. The MF is defined graphicdly as the dope of an inverse flow verses cumulative volume
curve as shown in the following equations:

dv_DP A

d m(R +R)
nVR; N nv 2|
DPA  2DPA’

=a+MFI*V

QOlr

where:
R = resstance of the filter
R« = resistance of the cake
| = measure of the fouling potentia
Q = average flow (liters/second)
a= congtant
Typicdly the cake formation, build-up and compaction or falure can be seen in three didtinct

regionson a MFI plot. The regions corresponding to blocking filtration and cake filtration represent
productive operation, whereas compaction would be indicative of the end of a productive cycle.

Influent - Input stream to the membrane array after the recycle stream has been blended with the feed
gream. If thereis no concentrate recycle then the feed and influent streams are identical.

Mass Transfer Coefficient (MTC) (K,) - Mass or volume unit transfer through membrane based on
driving force (gfd/ps).

where:
K. = globdl water mass transfer coefficient (t')
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DP = transmembranic pressure gradient (M/LZ)
DP = osmotic pressure gradient (M/Lz)

Q, = permeste flow (L /t)

A = membrane surface area(Lz)

Membrane Element - A sngle membrane unit containing a bound group of spird wound or hollow-
fiber membranes to provide a nominal surface areafor trestment.

Membrane Molecular Weight Cutoff Determination - The membrane molecular weight cutoff
(MWCO) of membranes a commonly used to characterize membrane rgection capability.

Membrane MWCQO is typicdly determined by measuring the rgection of different molecular weight
nonionic polymers. Solute rgiection is defined as

C, 6
=+ 100%

(]

|'O

&2
% Solute Rejection= gl

O

Given the narrow molecular weight bands of polyethylene glycol (PEG) solutions, these nonionic
random coil polymers can be applied to membranes for MWCO egtimation. Although the percent PEG
rgjection varies by manufacturer, 80 to 90 percent PEG regjection has been used. Neither the percent
rgection nor the materid is fixed except by membrane manufacturer. The slandard molecular weight
solutions can be measured as TOC and correlated to PEG concentration.  This correlation can then be
applied for assessment of PEG rgection by the membrane and subsequent MWCO determination.

Membrane Productivity - Membrane productivity will be assessed by the rate of mass transfer
coefficient (MTC,,) decline over time of operation. As flux declines, a constant product can be
achieved by increasing pressure to maintain a constant flux.

Net Driving Pressure (NDP):  The net driving pressure (NDP) is caculated usng the influent,
concentrate and permeste pressure.

NDP = ‘?(Péf—zp)ﬂ P - DP
e u

where:
NDP = net driving pressure for solvent transport across the membrane (ps, bar)
Pr = feedwater pressure to the feed side of the membrane (ps, bar)
P = concentrate pressure on the rgect side of the membrane (ps, bar)
P, = permeate pressure on the trested water side of the membrane (pg, bar)

DP = osmoatic pressure (ps)

Osmoatic Pressure Gradient (DP): The term osmotic pressure gradient refers to the difference in
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osmotic pressure generated across the membrane barrier as a result of different concentrations of
dissolved sdts. In order to determine the NDP, the osmotic pressure gradient must be estimated
from the influent, concentrate and permeste TDS.

e 0

TDS; +TDS, ) 6% 1ps -

DP :E%( S . S°)H- DS, #6732+
e u o élooﬂlli

L o

where:
TDS = feedwater totd dissolved solids (TDS) concentration (mg/L)
TDS; = concentrate TDS concentration (mg/L)
TDS, = permeste TDS concentration (mg/L)

Mass Trandfer Coefficient (MTC,,): The MTC,, is cadculated by dividing the permegte flow by the
membrane surface area.

R =&=MTCW*NDP
A

w

From thisthe MTC,, can be calculated. However, given the relationship between temperature and
the viscosity of water, flux should be normalized to a sandard temperature condition (25°C).
These relaionships should be provided by the membrane manufacturer and used to normdize the
flux data set as shown below.

F oo
— w,25C
MTC, e = 25

Temperature Adjusment for Hux Cdculation If manufacture does not specify a temperature
correction equation the following equation may be used so that water production can be compared
on an equivaent bagsis.

=F __*103®cT9

w,25 C w,T°C
Recovery: Recovery should aso be caculated usng the permeate and influent flow.

-
Q

R
Using the above equations the MTC,,, normalized flux and recovery for each stage and the system can
be cdculated for each set of operationd dataand plotted as a function of cumulative operating time.

Package Plant - A complete water treatment system including al components from the connection to
the raw water(s) intake through discharge to the distribution system.
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Permeate (Q,, Cp) - The membrane output stream that has convected through the membrane.
QpCp = Qf Cf - Qccc
Permeate - Water produced by the membrane process.

Permeate Flux - The average permeste flux is the flow of permesate divided by the surface area of the
membrane. Permesate flux is caculated according to the following formula:

where:
J = permeate flux at time't (gfd, L/(h-nf))
Q, = permeste flow (gpd, L/h)

S = membrane surface area (ft?, nr)

It should be noted that only gfd and L/(h-nf) shall be considered acceptable units of flux for this testing
plan.

Pressure Vessel - A sngle tube or housing that contains severd membrane dementsin series.
Raw - Input stream to the membrane process prior to any pretreatment.
Recovery - The recovery of feedwater as permegate water is given as the ratio of permeate flow to
feedwater flow:
_ QU
% System Recovery = g—;* 100%
eNr u
where:
Qs = feedwater flow to the membrane (gpm, L/h)
Qp = permeste flow (gpm, L/h)
Recycle Ratio (r) - The recycle ratio represents the ratio of the tota flow of water that is used for

cross-flow and the net feedwater flow to the membrane. Thisratio provides an idea of the recirculation
pumping that is gpplied to the membrane system to reduce membrane fouling and specific flux decline.

Recycle Ratio = éQ—(J
o, o
where:

Qs = feedwater flow to the membrane (gpm, L/h)
Q: =recyde hydraulic flow in the membrane dement (gpm, L/h)
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Regection (mass) — The mass of a specific solute entering a membrane system that does not pass
through the membrane.

& Q.C, 0

oYow:

Scaling Control - Controlling precipitetion or scding within the membrane dement requires
identification of alimiting sdt, acid addition for prevention of CaCO; and/or addition of a scale inhibitor.
The limiting sdt determines the amount of scae inhibitor or acid addition. A diffuson controlled
membrane process will concentrate salts on the feed sde of the membrane. If excessive water is
passed through the membrane, this concentration process will continue until a sdt precipitates and
scaling occurs. Scaing will reduce membrane productivity and consequently recovery is limited by the
dlowable recovery just before the limiting sdt precipitates. The limiting sdt can be determined from the
solubility products of potentid limiting salts and the actud feed stream water qudity. lonic strength must
aso be consdered in these cdculations as the naturad concentration of the feed stream during the
membrane process increases the ionic strength, allowable solubility and recovery.

Cdcium carbonate scding is commonly controlled by sulfuric acid addition however sulfate sdts are
often the limiting sdts Commercidly avalable scde inhibitors can be used to control scaling by
complexing the meta ions in the feed stream and preventing precipitation. Equilibrium congants for
these scale inhibitors are not available which prevents direct caculation. However some manufacturers
provide computer programs for estimating the required scae inhibitor dose for a given recovery, water
quaity and membrane. The following are generd equations for the solubility products and ionic strength
gpproximations.

Solubility Product: Cdculation of the solubility product of sdected sparingly soluble salts will be
important exercise for the test plan in order to determine if there are operationd limitations caused
by the accumulation of limiting sdts & the membrane surface. Text book equilibrium vaues of the
solubility product should be compared with solubility vaues caculated from the results of
experimenta Verification Testing, as determined from use of the following equetion:

Ky =gilar o]
where:
K & = solubility product for the limiting sdt being consdered
g = freeion activity coefficient for the ion congdered (i.e,, A or B)
[A] = mola solution concentration of the anion A for sparingly soluble sdt AB,
[B] = solution concentration of the anion B
X, y = stiochiometric coefficients for the precipitation reaction of A and B

Mean Activity Coefficient: The mean activity coefficients for each of the sdt condituents may be
estimated for the concentrated solutions as a function of the ionic strength:
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logg, 5 =-0.509Z,Z,/m

where:

g = freeion activity coefficient for the ion considered (i.e, A or B)

Zx =ion charge of anion A

Zg =ion charge of cation B

m= ionic strength
lonic Strength A smple gpproximation of the ionic srength can calculated based upon the
concentration of the total dissolved solids in the feedwater stream:

m=(2.5X0°%) XTDS)

where:

m= ionic strength

TDS = totd dissolved solids concentration (mg/L)

Solute - The dissolved congtituent (mg/L) in a solution or process stream.

Solute Rejection - Solute rgection is controlled by a number of operationd variables that must be
reported a the time of water sample collection. Bulk rgection of a targeted inorganic chemica
contaminant may be calculated by the following equation.

L éC, - Cou
% Solute Rejection = g&————;*100%
e G 0
where:
C; = feedwater concentration of specific condtituent (mg/L)

C, = permeste concentration of specific congtituent (mg/L)
Solvent - A substance, usudly aliquid such as water, capable of dissolving other substances.

Solvent and Solute Mass Balance - Cdculation of solvent mass baance is performed to verify the
reliability of flow measurements through the membrane. Caculation of solute mass baance across the
membrane system is performed to estimate the concentration of limiting salts a the membrane surface.

Q =Q, +Q,

QG =Q.C,+Q.C,
where:
Qs = feedwater flow to the membrane (gpm, L/h)
Qp = permeste flow (gpm, L/h)
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Q. = concentrate flow (gpm, L/h)

C¢ = feedwater concentration of specific congtituent (mg/L)
C, = permeste concentration of specific constituent (mg/L)
Ct = concentrate concentration of specific congtituent (mg/L)

Specific Flux - At the concluson of each chemica cleaning event and upon return to membrane
operdion, the initid condition of tranamembrane pressure shdl be recorded and the specific flux
caculated. The efficiency of chemica cleaning shal be evauated by the recovery of specific flux after
chemica cleaning as noted beow, with comparison drawn from the deaning efficiency achieved during
previous cleaning evauations. Comparison between chemicd cleanings shdl dlow an evaduation of
irreverdble fouling. Two primary indicators of deaning efficiency and restoration of membrane
productivity will be examined in this task.

Percent Recovery of Specific Hux: The immediate recovery of membrane productivity, as
expressed by the ratio between the find specific flux (F¢) and the initid specific flux (Fg) measured
for the subsequent run.

~

E
-—L1¥100%

s

% Recovery of Specific Flux =

D=2, D~

[t ey et

where:
F¢ = Spedific flux (gfd/psi, L/(h-nf)/bar) a end of run (findl)
Fs = Spedific flux (gfd/psi, L/(h-nf)/bar) at beginning of run (initid).
Percent Loss of Origind Specific Flux: The lass of origind specific flux capabilities, as expressed

by the ratio between the initid specific flux for any given filtration run () divided by the origind
gpecific flux (Fs,), 8 measured &t the initiation of the firgt filtration run in aseries.

- - ¢ Fu
% Lossof Origind Specific Hux = gl-——;* 100%
é sioCI

Verification Statement - A written document that summarizes a find report reviewed and approved
by NSF on behdf of the USEPA or directly by the USEPA.

Water System - The water system that operates using packaged water treatment equipment to provide
potable water to its customers.

6.0 OVERVIEW OF TAXKS

This Plan is applicable to the testing of package water trestment equipment utilizing NF membrane
processes. Teding of NF membrane processes will be conducted by a NSF-qualified Testing
Organization that is selected by the Manufacturer. Water qudity analyses will be performed by a date-
certified or third party- or EPA- accredited laboratory. This Plan provides objectives, work plans,
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schedules, and evauation criteria for the required tasks associated with the equipment testing
procedure.

The following is a brief overview of the tasks that shal be included as components of the Verification
Testing Program and FOD for remova of dissolved radionuclides.

Task 1. Equipment Verification Testing Plan — Operate NF membrane processes and
associated water trestment equipment for a 60-day testing period to collect data on water
quality and equipment performance.

Task 2. Characterization of Raw Water — Obtain chemicd, biologicd and physica
characterization of the rawv water. Provide a brief description of the watershed that
provides the raw water to the water treatment plant.

Task 3: Operations and Maintenance (O& M) - Evauate an O&M manud for each
sysem submitted. The O&M manud shdl characterize NF membrane process design,
outline a NF membrane process cleaning procedure or procedures, and provide a
concentrate disposal plan.

Task 4. Data Collection and Management — Establish an effective field protocol for
data management between the Fidd Testing Organization and NSF.

Task 5 Membrane Productivity - Demonstrate operationad conditions for the
membrane equipment; permeete water recovery achieved by the membrane equipment; and
rate of flux decline observed over an extended membrane process operation.

Task 6. Finished Water Quality — Evaduate the water quaity produced by NF
membrane processes as it relates to raw water quality and operationa conditions.

Task 7. Cleaning Efficiency - Evduate the effectiveness of chemicd deaning to the
membrane systems.

Task 8: Quality Assurance/ Quality Control (QA/QC) — Develop a QA/QC protocol
for Veificaion Testing. This is an important item that will assg in obtaining an accurate
measurement of operational and water quality parameters during NF membrane equipment
Veification Tedting.

Task 9: Cost Evaluation - Deveop O&M costs for the submitted NF membrane
technology and package plant.

70  TESTING PERIODS

The required tasks of the NSF Equipment Verification Testing Plan (Tasks 1 through 9) are designed to
be completed over a 60-day period, not including mobilization, shakedown and start-up. The schedule
for equipment monitoring during the 60-day testing period shdl be Sipulated by the FTO in the FOD,
and shdl meet or exceed the minimum monitoring requirements of this tesing plan. The FTO sndl
ensure in the FOD that sufficient water qudity data and operational data will be collected to dlow
edimation of datiica uncertainty in the Verification Testing data, as described in the “Protocol for
Equipment Verification Testing of for Removal of Radioactive Chemical Contaminants’. The
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FTO shdl therefore ensure that sufficient water quality and operationd data is collected during
Veification Testing for the Satidticad andyss described herein.

For membrane process treatment equipment, factors that can influence treatment performance include:

Feedwaters with high seasond concentrations of inorganic condtituents and TDS. These
conditions may increase finished water concentrations of inorganic chemica contaminants
and may promote precipitation of inorganic materias in the membrane;

Feedwaters with variable pH; increases in feedwater pH may incresse the tendency for
precipitation of sparingly soluble sdts in the membrane module and may require variable
drategiesin anti-scalant addition and pH adjustment;

Cold water, encountered in winter or at high dtitude locations,

High concentrations of natural organic matter (measured as TOC), which may be higher in
some waters during different seasond periods,

High turbidity, often occurring in spring, as aresult of high runoff resulting from heavy rains
or snowmelt.

It is highly unlikely that al of the above problems would occur in a water source during a single 60-day
period during the Verification Testing Program. Membrane testing conducted beyond the required 60-
day testing may be used for finetuning of membrane performance or for evauation of additiond
operationd conditions. During the testing periods, evauation of cleaning efficiency and finished water
quality can be performed concurrent with membrane operation testing procedures.

80 TAX 1 EQUIPMENT VERIHCATIONTEST PLAN

8.1 I ntroduction

The equipment verification for NF membrane processes for radionuclide remova shdl be conducted by
aNSFqudified Fidd Testing Organization (FTO) that is sdected by the Manufacturer. Water qudity
analytical work to be completed as a part of this NSF Plan shdl be contracted with a state-certified or
third party- or EPA- accredited laboratory. For information on a listing of NSF-qualified FTOs and
state-certified or third party- or EPA- accredited laboratories, contact NSF.

8.2  Objectives

The objective of this task is to operate the equipment provided by a manufacturer, for the conditions
and time periods specified by NSF and the manufacturer.

83  Work Plan
831 Equipment Verification Test Plan

Table 8.1 presents the Tasks that are included in this Plan and will be included in the FOD for
radionuclide removad by NF membrane processes. Any Manufacturer wanting to verify the
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performance of their equipment shdl perform these Tasks. The Manufacturer shal provide full
detal of the procedures to be followed for each item in the FOD. The FTO shdl specify the
operationd conditions to be verified during the Verification Testing. All permegte flux vaues shdl
be reported in terms of temperature-corrected flux (normdized flux) values, as either gdlons per
square foot day (gsfd) at 77°F or liters per square meter per hour (L/n-hr) at 25°C.

In the desgn of the FOD, the FTO shdl ipulate which pretreatments are appropriate for
application before the sdected NF membrane processes. The recommended pretrestment
procesg(es) shdl then be employed by the Manufacturer for raw water pretreatment during
implementation of the Equipment Verification Testing Program.

TABLE 8.1: Task Descriptions

No. Task Description

1 | TestPlan Water treatment equipment shall be operated for a minimum of 60 days
per test period to collect data on water quality and equipment
performance.

2 | Characterization of Raw Water | Obtain chemical, biological and physica characterization of the raw water.

3 | O&M Manual Evaluate O& M manual for process.

4 | Dataand Collection Develop data protocol between FTO and NSF.

Management

5 | Membrane Productivity Demonstrate conditions for membrane equipment, permesate water
recovery, observe rate of flux decline

6 | Finished Water Quality Evaluate the water quality produced by NF membrane processes as it
relates to raw water quality and operationa conditions.

7 | Cleaning Efficiency Evauate effectiveness of chemica cleaning and confirm cleaning
procedures restore membrane productivity.

8 | QA/QC Enforce QA/QC standards.

9 | Cost Evduation Provide O& M costs of system.

8.32 Routine Equipment Operation

During the time intervals between equipment verification runs, the package water treatment
equipment may be used for production of potable water. If the equipment is being used for the
production of potable water, routine operation for water production is expected. In addition, the
equipment should not be used for potable water production should a finished water quality
parameter not comply with the requirements of the Nationa Primary Drinking Water Standards or
the EPA Nationd Secondary Drinking Water Regulaions. The operating and water quaity data
collected and furnished to the loca regulatory agency should aso be supplied to the NSF-qudified
FTO.
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84  Analytical Schedule

The entire equipment verification shal be performed over a 60-day period (not including time for system
shakedown and mohilization). At a minimum, one, 60-day period of Verification Testing shdl be
conducted in order to provide equipment testing information for NF membrane process performance.
A full one-year testing period would aso be acceptable, but is not required.

The required tasks for the equipment verification are designed to be completed over a 60-day period,
not including mobilization, shakedown and start-up. NF membrane process testing conducted beyond
the required 60-day testing may be used for finetuning of NF performance or for evduation of
additiona operationa conditions. During the 60-day testing period, evauation of finished water quality
can be performed concurrent with the percent remova testing procedures.

85 Evaluation Criteria

The equipment testing period will include a Verification Test of at leest 60-days. If package water
treatment equipment is also operated for potable water production, the data supplied to the FTO shall
be evduated with regard to compliance with Nationa Primary Drinking Water Standards or EPA
National Secondary Drinking Water Regulations.

90 TAXK 22 CHARACTERIZATION OF RAW WATER
9.1 I ntroduction

A characterization of raw water quality is needed to determine if the concentrations of Ra-226, Ra-228,
uranium, or other raw water contaminants are gppropriate for the use of NF membrane processes. The
feedwater qudity can influence the performance of the equipment as wel as the acceptance of testing
results by Federd and State regulatory agencies.

9.2  Objectives
One reason for performing a raw water characterization is to obtain at least one-year of historica raw
water quality data from the raw water source. The objectiveisto:

demondirate seasond effects on the concentration of radionuclides;

develop maximum and minimum concentrations for the contaminant; and

develop a probable percentage of remova necessary to meet the proposed MCL.

If historical raw water qudity is not available, a raw water quality andysis of the proposed feedwater
shdl be performed prior to equipment Verification Testing.

9.3 Work Plan

The characterization of raw water qudity is best accomplished through the performance of laboratory
testing and the review of historical records. Sources for historicd records may include municipdities,
laboratories, USGS (United States Geographical Survey), USEPA, and loca regulatory agencies. If
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higtoricd records are not available preiminary raw water qudity testing shal be performed prior to
equipment Verification Testing. The specific parameters of characterization will depend on the NF
membrane process that is being tested. The following characteristics should be reviewed and
documented:

Radium-226 - Totd Alkdinity - Slica
Radium-228 - Turbidity - Baium
Uranium - True Color - Nitrate
Temperature - Chloride - Sodium
pH - Fuoride - Potassum
TDS/Conductivity - Sulfae - Strontium
Tota Hardness - Ammonia - Phosphate
Cdcium Hardness - Iron - SDI

Total OrganicCarbon - Manganese - MH

Data collected should reflect seasond variaions in the above data if gpplicable. This will determine
vaiations in water quality parameters tha will occur during Verification Teding. The data that is
collected will be shared with NSF o that the FTO can determine the significance of the data for usein
developing a test plan. If the raw water source is not characterized, the testing program may fail, or
results of atesting program may not be considered acceptable. A description of the raw water source
should aso be included with the feedwater characterization. The description may include items such as.

Sze of watershed;

topography;

land use;

nature of the water source; and
potentia sources of pollution.

9.4  Schedule

The schedule for compilation of adequate water qudity data will be determined by the availability and
accessibility of higtoricd data. The historicd water qudity data can be used to determine the suitability
of NF membrane processes for the trestment for the raw source water. If raw water quality datais not
avalable, aprdiminary raw water quaity testing should be performed prior to the Verification Testing of
the NF membrane equipment.

95 Evaluation Criteria

The feedwater quality shdl be evauated in the context of the Manufacturer’s Statement of Performance
Capabilities for the removd of radionuclides. The feedwater should chdlenge the capabilities of the
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chosen equipment, but should not be beyond the range of water qudity suitable for treatment by the
chosen equipment. For NF membrane processes, a complete scan of water quality parameters may be
required in order to determine limiting sat concentrations, necessary for establishing pretreatment
criteria

100 TAX 3 OPERATIONSAND MAINTENANCE MANUAL

An operations and maintenance (O&M) manua for NF membrane processes to be tested for
radionuclide remova shdl be included in the Verification Tesing evauation.

10.1 Objectives

The objective of thistask isto provide an O&M manud that will assst in operating, troubleshooting and
maintaining NF membrane process performance. The O&M manud shdll:

characterize NF membrane process design;
outline a NF membrane process cleaning procedure or procedures; and

provide a concentrate disposal plan.

The concentrate disposal plan must be gpproved by the gppropriate regulatory authority for the
verification period before verification testing begins. A fully developed concentrate disposa plan would
be required because of the radionuclides that have been concentrated in the waste stream.  Criteria for
evauation of the equipment’s O&M Manua shal be compiled and then evaluated and commented upon
during verification by the FTO. An exampleis provided in Table 10.1.

The purpose of O&M information is to dlow uitilities to effectively choose a technology that their
operators are capable of operating, and provide information on how many hours the operators can be
expected to work on the system. Information about obtaining replacement parts and ease of operation
of the system would dso be vauable.

10.2 O&M Work Plan

Descriptions for pretreatment, NF membrane process, and post-treatment to characterize the NF
membrane system unit process design shdl be developed. Membrane processes shdl include the design
criteria and NF membrane element characteritics. Examples of information required relaive to the
membrane design criteria and eement characteristics are presented in Tables 10.2 and 10.3,

respectively.

The NF membrane trestment process will be optimized for sustained production under high product
water recovery and solvent flux. Productivity gods shdl include cleaning frequencies greeter than 6
months for no more than 15 percent productivity decline. However, it should be noted that some
systems may accommodate a 20 percent MTC or flux decline. Therefore, cleaning frequency could be
predicted using the equation for cleaning frequency.

Productivity decline will be indicate and sgnd by ether normdized flux decline or normdized solvent
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meass transfer (MTC,,) reduction. Normalized means that the flux has been adjusted for temperature
and pressure.  Conditions of congtant system pressure where solvent flux remains greater than 90
percent of itsorigina value would be desired. The use of the normalized MTC,, for productivity decline
would eiminate the need for congtant system pressure for productivity decline determination.  Should
constant flux be used as an operating guideline for particles under application, a 10 to 15 percent
pressure increase would congtitute criteriafor cleaning.

Chemicd cleaning of the membranes will be performed as necessary for the remova of reversble
foulants per manufacturer specifications. These cleaning events are to be documented and used as an
ad in determining the nature of the fouling or scaling conditions experienced by the sysem. The
cleaning solutions could dso be andyzed for determining which congtituents may have adsorbed or
precipitated onto the membrane surface. Andysis of cleaning solutions can be coupled with mass
ba ances on the same solutes monitored during operation to determine solute accrud in nancfilters. This
may prove useful for establishing the mechanism of remova for some radionuclides. A cleaning
efficiency evauation is described in Section 5.0.
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TABLE 10.1: NSF OPERATIONS & MAINTENANCE MANUAL CRITERIA -
NF M embrane Process Package Plants

MAINTENANCE:

The manufacturer should provide readily understood information on the recommended or required maintenance
schedule for each piece of operating equipment such as.

flow meters

pressure gauges

pumps

motors

valves

chemica feeders

Mmixers
The manufacturer should provide readily understood information on the recommended or required maintenance
for non-mechanical or non-eectrica equipment such as:

membranes

pressure vesses

piping

OPERATION:

The manufacturer should provide readily understood recommendation for procedures related to proper
operation of the package plant equipment. Among the operating aspects that should be discussed are:

Chemical feeders.
cdibration check
seitings and adjustments - how they should be made
dilution of chemicas and scale inhibitors - proper procedures

Monitoring and observing operation:
meass baance caculations

recovery caculation
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TABLE 10.1: NSF OPERATIONS & MAINTENANCE MANUAL CRITERIA -
NF M embrane Process Package Plants (continued)

OPERATION (continued):

Monitoring and observing operation (continued):
pressure losses
The manufacturer should provide atroubleshooting guide; a smple check-list of what to do for a variety of
problems including:
flux dedling
no raw water (feedwater) flow to plant;
when the water flow rate through the package plant can not be controlled;
no chemicd feed;
automatic operation (if provided) not functioning;
no electric power; and
sand or St entrainment.

The following are recommendations regarding operability aspects of package plants membrane processes.
These aspects of plant operation should be included to the extent practica in reports of package plant testing
when the testing is done under the NS Verification Program. During Verification Tedting, attention shal be

given to package plant operability aspects.
are chemica feed pumps cdibrated?
are flow meters present and have they been cdibrated?
are pressure gauges calibrated?
are pH meters calibrated?
are TDS or conductivity meters cdibrated?
can cleaning be done automatically?
can membrane sedls be eadly replaced?

does remote notification occur (llarm) when pressure increases > 15% or flow drops > 15%?

Thereportson Verification Testing should address the above questions in the written reports. The issues of operability
should be dealt with in the portion of the reports that are written in response to Operating Conditions and Treatment
Equipment Performance, in the Membrane Process Test Plan.
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TABLE 10.2: NF Membrane Plant Design Criteria Reporting Items

Parameter Value

Number of stages

Number of pressure vessalsin stage 1

Number of pressure vesselsin stage 2

Number of eements per pressure vesse
Recovery per stage (%)

Recovery for system (%)

Design flow (gpm)

Design temperature (°C)

Design flux (gsfd)

Surface area per dement (ft?)

MTCy (gsfd/ps)

Maximum flow rate to an dement (gpm)

Minimum flow rate to an dement (gpm)

Pressure loss per element (ps)

Pressure loss in stage entrance and exit (ps)
Feed stream TDS (mg/L)

Ra-226 rejection (%)

Ra-228 rejection (%)

Uranium regjection (%)
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TABLE 10.3: NF Membrane Element Characteristics

M embrane manufacturer

Membrane module model number
Size of element used in study (e.g. 4” x 40")
Active membrane area of eement used in study

Active membrane area of an equivalent 8" x 40"
element

Purchase price for an equivalent 8" x 40" element
(©)

Molecular weight cutoff (Daltons)

Membrane material / construction

Membrane hydrophobicity (circle one) Hydrophilic Hydrophobic

Membrane charge (circle one) Negative Neutral Positive

Design pressure (psi)

Design flux at the design pressure (gfd)
Variability of design flux (%)

MTCw (gfd/psi)

Standard testing recovery (%)
Standard testing pH

Standard testing temperature (°C)
Design cross-flow velocity (fps)

Maximum flow rate to the element (gpm)

Minimum flow rate to the element (gpm)

Required feed flow to permeate flow rate ratio

Maximum element recovery (%)

Rejection of reference solute and conditions of test
(e.g. solute type and concentration)

Variability of rejection of reference solute (%)

Spacer thickness (ft)
Scroll width (ft)
Acceptable range of operating pressures

Acceptable range of operating pH values

Typical pressure drop across a single element

Maximum permissible SDI

Maximum permissible turbidity (NTU)

Chlorine/oxidant tolerance

Suggested cleaning procedures
Note: Some of thisinformation may not be available, but this table should be filled out as completely as possible for
each membrane tested.
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110 TAXK 4 DATA COLLECTIONAND MANAGEMENT
11.1 Introduction

The data management system used in the Verification Testing Program shdl involve the use of computer
goreadsheets, in addition to manua recording of operationa parameters for the NF membrane
processes on adaily basis.

11.2 Objectives

The objective of this task is to establish a viable dtructure for the recording and transmission of field
testing data such that the FTO provides sufficient and reliable operationd data to NSF for verification
purposes. Chain-of-Custody protocols will be developed and adhered to.

11.3 Work Plan
11.31 Operation Data Collection and Documentation

The following protocol has been developed for data handling and data verification by the FTO. In
addition to daily operational data sheets, a Supervisory Control and Data Acquisition (SCADA)
system could be used for automatic entry of pilot-testing data into computer databases. Specific
parcels of the computer databases for operational and water quality parameters should then be
downloaded by manua importation into eectronic spreadsheets. These specific database parcels
shall be identified based upon discrete time spans and monitoring parameters. In spreadsheet form,
the data shdl be manipulated into a convenient framework to dlow anayss of NF membrane
process operation. At a minimum, backup of the computer databases to diskette should be
performed on amonthly basis.

Field testing operators shal record data and calculations by hand in laboratory notebooks for a
minimum of three times per day. (Daily measurements shdl be recorded on specidly prepared data
log shests as gppropriate. Figure 12.2 presents an example of a daily log sheet) The laboratory
notebook shall provide copies of each page. The origind notebooks shall be stored on-dte; the
copied sheets shal be forwarded to the project engineer of the FTO at least once per week during
the 60-day testing period. This protocol will not only ease referencing the origina data, but offer
protection of the origind record of results. Pilot operating logs shdl include:

descriptions of the equipment and test runs,
names of vigtors, and

descriptions of any problems or issues.
Such descriptions shall be provided in addition to experimenta calculations and other items.
11.3.2 Data M anagement

The database for the project shdl be set up in the form of custom designed spreadsheets. The
oreadshects shdl be capable of storing and manipulating each monitored water qudity and
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operational parameter from each task, each sampling location, and each sampling time.  All data
from the fidd laboratory analyss notebooks and data log sheets shdl be entered into the
appropriate spreadsheet. Data entry shal be conducted on-site by the designated field testing
operators. All recorded caculations shall also be checked at thistime.

Following data entry, the spreadsheet shall be printed and the printout shall be checked againgt the
handwritten data sheet. Any corrections shal be noted on the hardcopies and corrected on the
screen, and then the corrected recorded calculations will also be checked and confirmed. The field
testing operator or engineer performing the data entry or verification step shdl initid each sep of the
verification process.

Each experiment (e.g. each NF membrane process test run) shdl be assgned a run number, which
will then be tied to the data from that experiment through each step of data entry and andysis. As
samples are collected and sent to state-certified or third party- or EPA- accredited |aboratories, the
data shdl be tracked by use of the same system of run numbers. Data from the outside laboratories
shdl be received and reviewed by the FTO. This data shall be entered into the data spreadsheets,
corrected, and verified in the same manner asthefield data

11.33 Statistical Analysis

For the andytica data obtained during Verification Testing, 95 percent confidence intervals shdl be
caculated by the FTO for selected water qudity parameters. The specific Plans shal specify which
water quality parameters shdl be subjected to the requirements of confidence interva calculation.
As the name implies, a confidence interva describes a populaion range in which any individud
population measurement may exist with a specified percent confidence. When presenting the data,
maximum, minimum, average and standard deviation should be included.

Cdculation of confidence intervas shdl not be required for equipment performance obtained during
the equipment Veification Testing Program. In order to provide sufficient anayticd data for
datistica analyss, the FTO shdl collect three discrete water samples at one set of operationa
conditions for each of the specified water quaity parameters during a designated testing period.

120 TASK 5 MEMBRANE PRODUCTIVITY
12.1 Introduction

The remova of Ra226, Ra228, and uranium from drinking water supplies is accomplished by NF
membrane filtration. The effectiveness of NF membrane processes for radionuclide remova will be
evauated in this task. Membrane mass trandfer coefficient, flux and recovery will be evduated in this
task. After ingalation of the NF process, the membranes tend to have characterigtic flux decline with
time until the membrane gabilizes. After this initid flux decline, the rate of flux decline will be used to
demondrate membrane performance for the specific operating conditions to be verified. The
operationa conditions to be verified shal be specified by the Manufacturer in terms of a temperature-
corrected flux (normalized flux) vaue (eg., gsfd a 77 °F or L/(n?hr) at 25 °C) before the initiation of
the Program.
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Flux decline is afunction of water qudity, membrane type, configuration and operationa conditions. In
establishing the range of operation for the membrane performance evaudions, limiting sdt information
should be used to define the run scenarios.  The run conditions should include operating scenarios,
which gpproach and exceed these projected limits.  Subsequent water qudity andysis will dlow for
assessment of the degree of saturation of the sparingly soluble saltsin the final concentrate. The degree
of saturation of the sdts should then be compared to resulting membrane productivity decline. Table
12.1 presents an example of membrane pretreatment data required to provide basdline conditions and
assg in evaduating membrane productivity.

Some Manufacturers may wish to employ the NF membrane process with a pretrestment process in
order to reduce flux decline and improve remova of radionuclides. Any pretrestment included in the
membrane trestment system that is designed for removal of radionuclides shdl be considered an integra
part of the packaged NF membrane treatment system and shall not be tested independently. In such
cases, the system shdl be consdered as a single unit and the pretrestment process shdl not be
Separated for optiona evaluation purposes.

12.2 Experimental Objectives

The objectives of thistask are to demongtrate:
Operationd conditions for the membrane equipment;
Permeste water recovery achieved by the membrane equipment; and

Rate of flux decline observed over an extended membrane process operation.

Raw water quality shdl be measured prior to system operation and then monitored every two weeks
during the 60-day testing period at a minimum. It should be noted that the objective of this task is not
process optimization, but rather verification of membrane operation a the operating conditions specified
by the Manufacturer, as it pertains to permeste flux, transmembrane pressure, and radium and uranium
removdl.

12.3 Work Plan

Determination of ided membrane operating conditions for a particular water may require as long as one
year of operation. For thistask the Manufacturer shal specify the operating conditions to be evauated
in this Verification Testing Plan and shall supply written procedures on the operation and maintenance of
the membrane treatment sysem. The Manufacturer shdl evauate flux decline. The Manufecturer shall
a0 determine the limiting sdt and identify possible foulants and scdants and use this for performance
evauation for their particular membrane equipment. The set of operating conditions shdl be maintained
for the 60-day testing period (24-hour continuous operation). The Manufacturer shal specify the
primary permesate flux a which the equipment is to be verified. Additiona operating conditions can be
verified in separate 60-day testing periods.

After set-up and “ shakedown” of membrane equipment, membrane operation should be established at
the flux condition to be verified. Testing of additiond operationd conditions could be performed by
extending the number of 60-day testing periods beyond the initid 60-day test period required by the
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Verification Testing Program at the discretion of the Manufacturer and their designated FTO.

Additional 60-day periods of testing may aso be included in the Verification Testing Plan in order to
demongrate membrane performance under different feedwater quality conditions. For membrane
processes, extremes of feedwater quality (e.g., low temperature, high TOC concentration, high turbidity,
high SDI) are the conditions under which membranes are most prone to fouling and subsequent failure.
At aminimum the performance of the NF membrane equipment rdative to radionuclide removd shdl be
documented during those periods of variable feedwater conditions. The Manufacturer shdl perform
testing with as many different water quality conditions as desred for verification satus. Testing under
eaech different water quaity condition shal be performed during an additional 60-day testing period, as
required above for each additional set of operating conditions.

The testing runs conducted under this task shal be performed in conjunction with finished water quaity
and if applicable, cleaning efficiency. With the exception of additiona testing periods conducted at the
Manufacturer’s discretion, no additiona membrane test runs are required for performance of cleaning
efficency and finished water qudity. A continuous yearlong evauation, athough not required, may be
of benfit to the Manufacturer for verification of long term trends.

12.3.1 Operational Data Collection

Measurement of membrane feedwater flow and permesate flow (recycle flow where applicable) and
system pressures shall be collected at a minimum of three times per day. Table 12.2 is an example
of a daily operationa data sheet for a two-stage membrane system. This table is presented for
informationa purposes only. The actud forms will be submitted as part of the test plan and may be
gte-specific. Measurement of feedwater temperature to the membrane shdl be made aong with
these three dally measurements in order to provide data for normdizing flux with respect to
temperature.

Water qudity should be andyzed from the same locations identified for TDS in Table 12.2 prior to
gart-up and then every two weeks for the parameters identified in Table 12.3, except for each
radionuclide, which will be monitored weekly. Power usage for operation of the membrane
equipment (pumping requirements, power factor, etc.) shal aso be closely monitored and recorded
by the FTO during the 60-day testing period. In addition, measurement of power consumption and
chemica consumption shdl be quantified by recording such items as day tank concentration, daily
volume consumption and unit cost of chemicds.

12.3.2 Feedwater Quality Limitations

The characterigtics of feedwater used during the 60-day testing period (and any additiona 60-day
testing periods) shdl be explicitly stated in reporting the membrane flux and recovery data for each
period. Accurate reporting of such feedwater characteridtics is critica for the Verification Testing
Program, as these parameters can subgtantidly influence the range of achievable membrane
performance and treated water quality under variable raw water quality conditions. The following
criteriaand trends should also be presented in the Verification Testing Program:

Evduation criteria and minimum reporting requirements.
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Plot graph of specific radionuclide removas over time for each 60-day test period.
Plot graph of NDP over time for each 60-day test period.

Mot graph of TDS over time for each 60-day test period.

Plot graph of specific flux normaized to 25°C over time for each 60-day test period.
Mot graph of MTC,, over time for each 60-day test period.

Plot graph of recovery over time for each 60-day test period.

October 2, 2000 Page 3-39



TABLE 12.1: NF Membrane Pretreatment Data

Foulants and Fouling I ndices of the Feedwater Prior to Pretreatment

Alkdlinity (mg/L of CaCO)

CaHardness (mg/L of CaCOz)

LSl

Dissolved iron (mg/L)

Total iron (mg/L)

Dissolved aluminum (mg/L)

Total aduminum (mg/L)

Fluoride (mg/L)

Phosphate (mg/L)

Sulfate (mg/L)

Cacium (mg/L)

Barium (mg/L)

Strontium (mg/L)

Reactive silica(mg/L as SIOy)

Turbidity (NTU)

SDI

Pretreatment Processes Used Prior to Nanofiltration

Pre-filter listed pore size (um)

Type of acid used

Acid concentration (units)

mL of acid per L of feed

Type of scale inhibitor used

Scale inhibitor concentration (units)

mL of scaleinhibitor per L of feed

Type of coagulant used

Coagulant dose (mg/L)

Type of polymer used during coagulation.

Polymer dose (mg/L)
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TABLE 12.2: Daily OperationsLog Sheet for a Two-Stage Membrane Pilot Plant

Date:

Parameter

M easur ement
1

M easur ement
2

M easur ement
3

Time

Initial

Feed

Qrecd (GPM)

TDSeq (before pretreatment) (mg/L)

TDSeq (after pretreatment) (mg/L)

Preed (SI)

PHreea (before pretreatment)

pPH;eeq (after pretreatment)

Tiees (°C)

Permeate - Stage 1

Qo1 (9PM)

TDS, s (MY/L)

Pp-Sl (pSl)

Concentrate - Stage 1

Qc—Sl (gpm)

TDS . (Mg/L)

Pes: (psi)

Tc-Sl (OC)

Permeate - Stage 2

Qo2 (9PM)

TDS, & (MmglL)

Pos (pS)

Concentrate - Stage 2

TDS s (Mg/L)

Finished

Qrin (GpM)

TDSin (MglL)

Recovery (Qrin/ Qreed) (%)

Recycle

Qrecycl e (gpm)
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TABLE 12.3: Operating and Water Quality Data Requirementsfor M embrane Processes

Par ameter Frequency for Sampling
Feedwater Flow 3/ Daily
Permeate Water Flow 3/ Daily
Concentrate Water Flow 3/ Dally
Feedwater Pressure 3/ Daily
Permeate Water Pressure 3/ Dally
Concentrate Water Pressure 3/ Dally
List Each Chemical Used, And Dosage Daily Data Or Monthly Average
Hours Operated Per Day Daily
Hours Operator Present Per Day Monthly Average
Power Consumption (kWh/Million Gallons) Monthly
Independent check on rates of flow Weekly
Independent check on pressure gages Weekly
Verification of chemical dosages Monthly
Feedwater and Finished Water Characteristics
Radium-226 Weekly
Radium-228 Weekly
Uranium Weekly
Gross Alpha and Beta Emitters Weekly
Temperature 3/ Dally
pH 3/ Dally
TDS/Conductivity 3/ Daily
Turbidity Every two weeks
True Color Every two weeks
Total Organic Carbon Every two weeks
UV Absorbance (254 nm) Every two weeks
Total Alkalinity Every two weeks
Total Hardness Every two weeks
Calcium Hardness Every two weeks
Sodium Every two weeks
Chloride Every two weeks
Iron Every two weeks
Manganese Every two weeks
Sulfate Every two weeks
Fluoride Every two weeks
Silica Every two weeks
Ammonia Every two weeks
Potassium Every two weeks
Strontium Every two weeks
Barium Every two weeks
Nitrate Every two weeks
TTHM (optional) Every two weeks
THAA (optional) Every two weeks
TOX (optional) Every two weeks
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130 TAX 6. FINISHED WATER QUALITY
13.1 Introduction

Water quaity data shdl be collected for the raw and finished water as provided previoudy in Table
12.3. (Note, in some instances sampling concentrate water quality may be required because detection
limits may be too low for a specified parameter.) At a minimum, the required sampling shal be one
sampling a sart-up and two sampling events per month while raw water samples are collected. Water
qudity gods and target remova goals for the NF membrane equipment should be proven and reported
in the FOD.

13.2 Objectives

The objective of this task is to verify the Manufecturer dlams. A ligt of the minimum number of water
quaity parameters to be monitored during equipment Verification Testing has been provided in this
document. The actud water quality parameters selected for testing and monitoring shdl be stipulated in
the FOD.

13.3 Work Plan

The FOD shdl identify the trested water qudity objectives to be achieved in the Statement of
Performance Capaliilities of the equipment to be evduated in the Verification Testing Program. The
FOD ghdl dso identify in the Statement of Performance Capatiilities the radionuclide that shdl be
monitored during equipment testing. The Statement of Performance Capabilities prepared by the FOD
shdl indicate the range of water qualities and operating conditions under which the equipment can be
chdlenged while successfully treeting the contaminated water supply.

It should be noted that many of the packaged and/or modular drinking water treatment systems
participating in the NF Membrane Process Verification Testing Program will be cgpable of achieving
multiple water treatment objectives. Although this NF Membrane Process Plan is oriented towards
remova of Ra-226, Ra-228, and uranium, the Manufacturer may want to look at the treatment system’s
remova capabilities for additiona water quality parameters.

Many of the water quality parameters described in this task shall be measured on-ste by the NSF
qualified FTO. A sate-certified or third party- or EPA- accredited laboratory shall perform andysis of
the remaining water qudity parameters. Representative methods to be used for measurement of water
quaity parametersin the field and lab are identified in Table 13.1. The andytical methods utilized in this
dudy for on-ste monitoring of raw and finished water qudities are described in Quaity Assurance/
Quality Control (QA/QC). Where appropriate, the Standard M ethods reference numbers and USEPA
method numbers for water quality parameters are provided for both the fidld and laboratory anaytica
procedures.

For the water qudity parameters requiring andyss a an off-dte laboratory, water samples shdl be
collected in appropriate containers (containing necessary preservatives as gpplicable) prepared by the
state-certified or third party- or EPA- accredited laboratory. These samples shall be preserved, stored,
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shipped and andyzed in accordance with appropriate procedures and holding times, including chain-of
custody requirements, as specified by the anayticd lab.

TABLE 13.1: Water Quality Analytical Methods

Par ameter AWWA Method* | EPA Method 2
Radium-226 7500-Ra 903.1
Radium-228 7500-Ra
Uranium 7500-U 908.0
Gross Alphaand Beta Emitters 7110 900.0
Temperature 2550 1701
pH 4500-H" 150.2
TDS/Conductivity 2510 120.1
Turbidity 2130 180.1
True Color 2120 110.2
Total Organic Carbon 5310 4152
UV Absorbance (254 nm) 5910
Total Alkalinity 2320 3102
Total Hardness 2340 1302
Calcium Hardness 3500-Ca 2152
Sodium 3500-Na 2731
Chloride 4500-CI 3251
Iron 3500-Fe 236.1
Manganese 3500-Mn 2431
Sulfate 4500-S0,” 3754
Fluoride 4500-F 340.1
Silica 4500-S0, 3701
Ammonia 4500-NH, 350.2
Potassium 3500-K 256.1
Strontium 3500- 200.7
Barium 3500-Ba 2081
Nitrate 4500-NOy 3521
TTHM 5710 551
THAA 5710 552
TOX 5320 1648

1. AWWA,

Standard Methods for the Examination of Water and Wastewater, 20" Edition, 1998.
2. EPA, Methods and Guidance for Analysis of Water, EPA 821-C-97-001, April 1997.
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13.4 Analytical Schedule
134.1 Removal of Radioactive Chemical Contaminants

During the steady-state operation of each membrane testing period, radionuclide mass balances
shdl be performed on the membrane feed, permeate and concentrate water in order to determine
the radionuclide remova capabilities of the membrane system.

13.4.2 Feed and Permeate Water Char acterization

At the beginning of each membrane testing period, the raw water, permeate and in some cases the
concentrate water shal be characterized a a sngle set of operating conditions by measurement of
the water quaity parameters identified in Table 12.3.

13.4.3 Water Quality Sample Collection

Water qudity data shdl be collected at established intervas during each period of membrane
equipment testing.  The minimum monitoring frequency for the required water qudity parametersis
once at start-up and weekly for radionuclides and every two weeks for the remaining water quality
parameters. The water qudity sampling program may be expanded to include a greater number of
water quality parameters and to require a greater frequency of parameter sampling. Anayses for
organic water qudity parameters shdl be performed on water sample diquots that were obtained
samultaneoudy from the same sampling location, in order to provide the maximum degree of
comparability between water quality andytes.

No monitoring of microbid populaions shal be required in this Equipment Verification Testing Plan.
However, the Manufacturer may include optiond monitoring of indigenous microbid populations to
demondirate removal capabilities.

13.4.4 Raw Water Quality Limitations

The characterigtics of feedwater encountered during each 60-day testing period shdl be explicitly
dated. Accurate reporting of such raw water characteristics such as those identified in Table 12.3
are critica for the Verification Testing Program, as these parameters can subgtantidly influence
membrane performance.

13.5 Evaluation Criteriaand Minimum Reporting Requirements
Removd or reduction of radionuclides.
Water qudity and removal goa's specified by the Manufacturer.

140 TAXK 70 CLEANING EFFICIENCY
14.1 Introduction

There are certain types of foulant scales that pose an immediate threat to the operationd integrity of a
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membrane process. Examples of scale include cacium carbonate scale and slica or sulfate scae. The
following guiddines can be used with the normdized performance data to determine the maximum
fouling to dlow prior to deaning the system:

a.  10-15 percent decrease in the normalized permesate flow rate
b. 10-15 percent increase in the normalized system differential pressure
c. Decreaseinthe sdt rgection for a congtant feedwater salinity

Should scaling or fouling occur during or following the test runs, the membrane equipment shdl require
chemicd cleaning to restore membrane productivity. The number of cleaning efficiency evduations shdl
be determined by the fouling frequency of the membrane during each specified test period. In the case
where the membrane does not fully reach the operationd criteria for fouling as specified by the
Manufacturer, chemica cleaning shdl be performed after the 30 days of operation, with a record made
of the operationd conditions before and after cleaning.

The membrane treatment process will be optimized for sustained production under high product water
recovery and solvent flux. Productivity gods should include cleaning frequencies once every 6 months
for no more than 10 percent productivity decline for groundwater sources. Productivity gods should
include cleaning frequencies once per month for no more than 10 percent productivity decline for
surface water sources, if gpplicable.

Either normalized flux decline or solvent mass trandfer (MTC,,) reduction will determine productivity
decline. Therefore, conditions of congtant system pressure where solvent flux remains greater than 90
percent of its origina vaue would be desred. For a congant flux system, a 10 percent increase in
pressure would serve as a basis for cleaning. The use of the normdized MTC,, for productivity decline
would diminate the need for congtant system pressure for productivity decline determination. Chemica
cleaning of the membranes will be performed as necessary for the removal of reversible foulants per
Manufecturer specifications. These cleaning events are to be documented and used as an ad in
determining the nature of the fouling or scaling conditions experienced by the sysem. The cleaning
solution backwash should aso be andyzed to determine which congtituents might have been removed
from the membrane surface during cleaning.

14.2 Experimental Objectives

The objective of thistask is to evauate the effectiveness of chemica cleaning to the membrane systems.

The intent of this task is to confirm that standard Manufacturer recommended cleaning practices are
sufficient to restore membrane productivity for the systems under consideration. Cleaning chemicas and

cleaning routines shall be based on the Manufacturer recommendations.  This task is consdered a
"proof of concept” effort, not an optimization effort.

14.3 Work Plan

The membrane syssems may become fouled during the membrane test runs. These fouled membranes
shdl be utilized for the cleaning assessments herein. Each system shdl be chemicdly cleaned using the
recommended cleaning solutions and procedures specified by the Manufacturer and vary according to
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identified foulants or scde.  After each chemica cleaning of the membranes, the syssem shdl be
restarted and then returned to the operating condition being tested.

The Manufacturer and their designated FTO shdl specify in detail the procedure(s) for chemica
cleaning of the membranes. At a minimum, the FTO shdl collect the information during verification
tegting for incluson in the verification report:

cleaning chemicals

quantities and cogts of cleaning chemicas

hydraulic conditions of cleaning

duration of each cleaning step

chemicd deaning solution

quantity and characteristics of resdua waste volume to be disposed

14.4 Recommended Disposal Procedures

Methods of disposal of membrane concentrate include, but are not limited to the following:
Wastewater treatment plant;
Spray irrigetion;
Deep well injection; or
Discharge to a surface water through the National Pollutant Discharge Elimination System
(NPDES).

However radionuclides are considered a potentialy hazardous waste and the effluent must be monitored
snce it is concentrated. The concentrate disposal may require other State and/or Federa permits. In
addition, a description of dl cleaning equipment and anticipated cleaning chemica waste streams and
their operations shall be described and included in the O&M manud.

14.5 Analytical Schedule
145.1 Sampling

The radionuclide concentration of the backwash shdl be measured to determine which constituents
might have been removed from the membrane surface during cleaning. The purpose of thisis to
evauate potentia membrane backwash disposal issues associated with the cleaning.  Conductivity,
pH, and turbidity should aso be recorded to monitor flush periods.

14.5.2 Operational Data Collection

Flow and pressure data shal be collected before system shutdown due to membrane fouling; flow
and pressure data shall aso be collected after chemicd cleaning.
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150 TAXK 8 QUALITY ASSURANCE/QUALITY CONTROL
15.1 Introduction

Quality assurance and quality control (QA/QC) of the operation of the NF membrane process
equipment and the measured water qudity parameters shdl be mantained during the Equipment
Veification Testing Program.

15.2 Experimental Objectives

The objective of this task is to maintain strict QA/QC methods and procedures during the Equipment
Veification Testing Program. Maintenance of drict QA/QC procedures is important, in thet if a
question arises when andyzing or interpreting data collected for a given experiment, it will be possible to
verify exact conditions at the time of testing.

15.3 QA/QC Work Plan

Equipment flow rates and associated tranamitter Sgnas should be cdibrated and verified on a routine
bass. A routine dally wak through during testing shdl be established to check that each piece of
equipment or ingrumentation is operating properly. Particular care shdl be taken to verify tha
chemicds are being fed at the defined flow rate, and into aflow stream that is operating at the expected
flow rate. This will provide correct chemicd concentrations in the flow dream. In-line monitoring
equipment such as flow meters, etc. shdl be checked monthly to verify that the readout matches with the
actual measurement (i.e. flow rate) and that the Sgnd being recorded is correct. Theitemslisted arein
addition to any specified checks outlined in the analytical methods.

When collecting water quantity data, al system flow meters will be cdibrated usng the classc bucket
and stopwatch method where appropriate. Hydraulic data collection will include the measurement of
the finished water flow rate by the “bucket test” method. Thiswould consst of filling a cdlibrated vessd
to aknown volume and measuring the time to fill the vessel with astopwatch. Thiswill dlow for adirect
check of the system flow measuring devices.

Mass baances will be performed on the system for water qudity parameters measured in the feed,
permesate and concentrate sreams. This will enable an additiona quality control check on the accuracy
and reliability of the andyzed data. Radionuclides in particular will be andyzed in each process stream.
However, the difficulty in measuring low leved radionuclides may limit the mass baance to be cdculated
based on feed and concentrate. Mass baances may provide ingght into the mechanism for regection of
individud radionuclides. For example, mass baances showing incomplete recovery for a particular
radionuclide may suggest possible adsorption onto the membrane surface.

1531 Daily QA/QC Verification
Chemica feed pump flow rates (check and verify components)
On-line conductivity meters (check and verify components)
On-line pH meters (check and verify components)
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15.3.2 Monthly QA/QC Verification
Chemicd feed pump flow rates (verify volumetricaly over a specific time period)
On-line conductivity meters (recalibrate)

On-line flow meters/rotometers (clean equipment to remove any debris or biologica buildup
and verify flow volumetricaly to avoid erroneous readings)

Differentid pressure tranamitters (verify gauge readings and eectrica sgnd using a pressure
meter)

Tubing (verify good condition of dl tubing and connections, replace if necessary)
154 Analytical Methods

Use of ather bench-top field anayticd equipment or on-line equipment will be acceptable for the
Verification Testing; however, on-line equipment is recommended for ease of operation. Use of on-line
equipment is preferable because it reduces the introduction of error and the variability of andyticad
results generated by inconsstent sampling techniques. However, standard and uniform cdibration and
sandardization techniques that are gpproved should be employed. Table 13.1 lists American Water
Works Association (AWWA) and EPA standard methods of analyss.

160 TAX 9 COST EVALUATION

This Plan includes the assessment of cods of verification with the benefits of testing NF membrane
processes over a wide range of operating conditions. Therefore, this Plan requires that one set of
operating conditions be tested over a 60-day testing period. The equipment Verification Tests will
provide information relaive to systems, which provide desred results and the cogt, associated with the
sysems. Design parameters are summarized in Table 16.1. These parameters will be used with the
equipment Verification Test costs to prepare cost comparisons for Verification Testing purposes.

Operation and maintenance (O & M) cods redized in the equipment Verification Test may be utilized
for cdculating cost estimates. O & M codts for each system will be determined during the equipment
Vevification Tests. The O & M cogts that will be recorded and compared during the Verification Test
indude:

Labor;

Electridity;

Chemicad Dosage, and

Equipment Replacement Frequency.

The capitd and O & M costswill vary based on geographic location.

O & M costs should be provided for each membrane process that is tested. In order to receive the full
benfit of the equipment Verification Test Programs, these costs should be considered dong with quality
of system operations. Other cost consderations may be added to the cost tables presented in this
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section as is needed prior to the start-up of the Verification Tests. A summary of O & M costs are

outlined in Table 16.2.

Table 16.1: Design Parametersfor Cost Analysis

Design Parameter

Specific Utility Values

Raw water feed rate(mgd)

Totd required plant production rate(mgd)

By-pass flow rate (mgd)

Required membrane train capacity (mgd)

High/Low plant feedwater temperature (°C)

Average Hux (g5fd/ps)

Maximum Hux (gfd/ps)

Average cleaning frequency (days)

High/Low feed TDS (mg/L)
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Table 16.2: Operations and Maintenance Cost

Cost Parameter Specific Values

Labor rate + fringe (¥/personnel-hour)

L abor overhead factor (% of labor)

Number of O& M personnel hours per week
Power Consumption (KWHh/Million Galons)
Electric rate (¥kWh)

Cost of Membrane ($)

Membrane replacement frequency (%o/year)
Cost of Chemicas ($)

Chemica Dosage (per week)

O&M cost ($Kgd)

Disposal Costs (%)

Dose Bulk Chemicd Cos

Chlorine (Disnfectant)

Sulfuric acid (Pretreatment)
Alum (Pretrestment)
Hydrochloric acid (Pretreatment)
Scde inhibitor ?(Pretreatment)
Caudtic (Post-treatment)

Sodium hydroxide (Membrane cleaning)

Phosphoric acid (Membrane cleaning)

YInformation for cleaning chemicals and pretreatment chemicals (such as alum) should also be provided in
thistable. For cleaning agents, the concentration of the cleaning sol ution used to clean the membranes
should be reported as the chemical dosed.

“Report the product name and manufacturer of the specific scale inhibitor used.
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